Summary. Ovariectomized guinea-pigs were treated with oestradiol-17\g=b\(E2), oestrone sulphate (E1S) and progesterone (P) This protein band may be a marker of the action of oestrone sulphate plus progesterone. For secreted proteins, those with a molecular weight > 100 000 were more abundant in the oestrogen plus progesterone-treated groups than in the oestrogen\x=req-\ treated groups. The content of tyrosine sulphate in each protein band ranged from 8 to 25% of the total radioactivity. No protein sulphated exclusively on the tyrosine residues was found.
Introduction
Oestrone sulphate has been described for various species as a prehormone which releases unconjugated oestrogens into target tissues and especially into the uterus after hydrolysis by oestrone sulphatase (Tseng et al, 1972; Rossier & Pierrepoint, 1974; Adessi et al, 1982; Pasqualini et al, 1982; Moutaouakkil et al, 1984) . However, a part of the oestrone sulphate entering the target tissue remains as sulphoconjugate (Adessi et al, 1982) . In vivo, oestrone sulphate is a potent oestrogen inducing a uterotrophic effect and an increase of uterine progesterone receptors in ovariectomized guinea-pigs (Moutaouakkil et al, 1984) . Oestrone sulphate could, therefore, also have a direct effect on protein synthesis. Brooks et al (1969) reported a direct effect of oestrone sulphate on protein synthesis in microsomal supernatants isolated from the uterus of both rat and rabbit. This effect was not found with unconjugated oestrone and oestradiol-17ß. Alkhalaf et al (1987a, b) have demonstrated a specific effect of this sulphoconjugated oestrogen on the surface of the endometrial cells, mimicking a secretory aspect.
Oestrogens induce the synthesis of specific proteins in target tissues. Oestradiol-17ß, the most potent biological oestrogen, also increases the biosynthesis of glycoproteins (Joshi & Ebert, 1976; Takata & Terayama, 1977; Dutt et al, 1986) and in particular sulphated glycoproteins (Takata & Terayama, 1979; Isemura et al, 1981) in the uterus. Protein sulphation both on carbohydrate moieties and tyrosine residues is a post-translational modification frequently observed in secretory glycoproteins, peptides and peptide hormones (Palade, 1975; Frazier & Glaser, 1979; Green et al, 1984; Hille et al, 1984) . Huttner & Baeuerle (1988) Mature guinea-pigs (10-12 weeks old, about 700 g) were bilaterally ovariectomized on the 2nd day after vaginal opening. They were allowed to recover for at least 20 days. Ovariectomized guinea-pigs maintained on a 12-h light: 12-h dark cycle were divided into 5 groups: (1) untreated; (2) oestradiol-17ß-treated; (3) oestradiol-17ß plus progesterone-treated; (4) oestrone sulphate-treated; (5) oestrone sulphate plus progesterone-treated. Hormone injec¬ tion schedules were as follows: Groups 2 and 3 received a s.e. priming oestrogen injection of 10 pg oestradiol-17ß and Groups 4 and 5 received 10 pg oestrone sulphate in 1 ml ethanol-saline (1:9 v/v. saline = 015 M-NaCl) on each of 3 consecutive days. At 16 h after the final priming oestrogen injection, Groups 3 and 5 received a s.e. hormone injection of lOpg progesterone in 1 ml ethanol-saline (1:9 v/v). Groups 2 and 4 received vehicle alone. Group 1 (untreated control group) received corresponding injections of vehicle alone.
The animals were killed by decapitation 8 h after the last injection and uteri were excised, stripped free of fat and mesentery. Cervices were excised and uteri were diced with a razor blade in Medium BME at 4°C. The diced tissues were then washed 3 times with 4 ml Medium BME.
Metabolic labelling of tissues
Fragments of organs (0-30 g per assay) were incubated at 37°C in an humidified atmosphere of air-C02 at a ratio of 95:5 for 6-18 h, with 35S04 (sp. act. 0-5mCi/ml) and the corresponding hormones (1 nmol oestradiol-17ß/l, 0-1 pmol oestrone sulphate/1 or 10 nmol progesterone/1) in 4 ml Medium BME without sulphate, modified as follows: 9-34mg BME/ml, l-85mg NaHC03/ml, lOmmol L-glutamine/1), 100U penicillin/ml, lOOpg streptomycin/ml, 20 mmol Hepes/1), 5 pg insulin/ml (pH 7-4). At the end of the incubation period, the tissue fragments were washed several times with modified Medium BME, plus 0-2 mg MgS04-7H20/ml, and tissues and media were prepared for analysis. (Laemmli, 1970 (Laemmli, 1970) , in 4-22% gradient polyacrylamide gels. After electrophoresis, gels were stained with Coomassie blue and fiuorographed (Chamberlain, 1979) . For radioactivity counting, they were cut into 90 equal sections (2 mm wide). Sulphated proteins were eluted from the polyacrylamide gels after extensive digestion of the gel sections with 1 ml pronase solution (50 pg/ml) (Huttner, 1984) and radioactivity was measured by liquid scintillation counting.
Analysis of tyrosine-o-3:'SO¡. Protein-bound tyrosine-0-35SO4 was determined in the tissue-associated and medium extracts before or after electrophoretic separation according to the method of Huttner (1984) . Briefly, fractions eluted from the gels by pronase digestion or fractions precipitated by acetone were hydrolysed with Ba(OH)2 (0-2 mol/1) at 110°C for 24 h. After centrifugation at 9000 g, at 4°C, supernatants were neutralized with sulphuric acid and centrifuged as above. Tyrosine-0-35SO4 was measured using reverse-phase high-performance liquid chromatography (RPHPLC).
RPHPLC analysis. Neutralized supernatants containing 3 µ tyrosine-o-sulphate standard solution (2-5 pmol/ml) were lyophilized, dissolved in 20 pi water and purified by acetone precipitation as described by Huttner (1984) . After centrifugation, supernatants were collected and evaporated. Residues were dissolved in water (10 pi) and derivatized by adding 2 volumes of a solution composed of o-phthaldialdehyde (0-745 mol/1) in ethanol (50 µ ), ß-mercaptoethanol (6 pi), 10 mg Brij/ml (25 µ ) and 1-25 µ sodium phosphate buffer (0-5 mol/1; pH 10-3). The fluorescence reaction was allowed to proceed for 1 min before injecting samples (15 µ ) onto a reverse-phase (5 mm 10 cm) column (Novapak C18, Waters, Les Ulis, France). Amino acids were eluted using a linear gradient with a double slope of triethylamine-acetic acid (001875 mol/1; pH 7-5) (Solvent A) and acetonitrile (Solvent B) as described by Larsen & West (1981) , modified as follows: 10 min in Solvent A then from 0 to 27% Solvent for 35 min, then from whereas in the secreted proteins the increase in protein sulphation was detectable after 6 h of incubation and the highest values were obtained in Groups 3 and 5 after 18 h of incubation. Specific cellular proteins, actin (M, 45 000, isoelectric point (pi) 5-40-5-44) , and ß tubulin (M, 55 000 and 65 000, pi 5-20), were identified by 2-dimensional SDS-PAGE as described by Chaminadas et al (1989) (Huttner, 1984) , the distribution of tyrosine-o-35S03 was examined in protein extracts from tissues and media. Incorporation of 35S04 into tyrosine was determined in acetone precipitated proteins after alkaline hydrolysis by RPHPLC analysis. identified in all extracts studied, whatever the hormone treatment and no other sulphated amino acid was detected. The fraction of sulphate incorporated into tyrosine, expressed as the percentage of total incorporation before alkaline hydrolysis, ranged from 4-6 to 8-8% in the tissue-associated proteins and 5-2 to 8-3% in the secreted proteins.
Tyrosine sulphate content in tissue and secreted proteins was increased in the hormone-treated groups (Fig. 2) Fig. 3 . In tissue extracts (Fig. 3a) , the more striking differences between hormone-treated and untreated groups were located in the MT 94 000-190 000 range (Fig. 3a, inset) (Huttner, 1984) . In the remaining 30%, tyrosine-0-35SO3 was identified after two-dimensional thin-layer electrophoresis (Huttner, 1984), proving the presence of tyrosine-sulphated proteins in this zone.
The electrophoretic distribution of 35S-sulphated proteins released by uterine fragments into the media showed that progesterone had a distinct influence on the secreted proteins. In Group 3 and 5, the labelled proteins were more abundant in the region beyond Mx 100 000 than in Groups 2 and 4. The molecular weights of the major sulphated protein bands are shown in Fig. 3(b) . Five sulphated protein bands of high molecular weight (M, 260 000, 290 000, 320 000, 400 000 and 500 000) were particularly abundant in Group 5.
The tyrosine-0-35SO3 content of each gel slice was determined for the tissue-associated and secreted proteins. The individual bands of MT 60 000-220 000 were cut, extracted by pronase digestion and subjected to alkaline hydrolysis for tyrosine-o-35S03 determination. The content of tyrosine sulphate in each band, expressed as a percentage of total radioactivity before alkaline hydrolysis, ranged from 8 to 25%. The bulk of the radioactivity recovered from these fractions was consequently located in the carbohydrate moieties. We did not find a protein that was labelled only on the tyrosine residues.
Discussion
A specific effect of oestrone sulphate on the endometrial cell surface has been reported by Alkhalaf et al (1987a, b) . These modifications are related to variations m the secretory capacities of the cells. Consequently, it was of particular interest to study the action of oestrone sulphate on protein sulphation, especially on tyrosine residues, since this post-translational modification is considered to be a signal for protein secretion (Baeuerle & Huttner, 1984) . The conditions of hormone treatments were as previously optimized in our laboratory (Alkhalaf et al, 1987a) according to the well-documented study of Milgrom et al (1973) . Oestradiol-17ß or oestrone sulphate treatment of ovariectomized guinea-pigs did not increase the uptake of 35S04 into incubated fragments of uterus. In contrast, these hormonal treatments increased the sulphate incorporation into the cellular proteins. Consequently, the available pre¬ cursor sulphate pool into tissue is not directly responsible for this increase. Takata & Terayama (1979) and Isemura et al (1981) have reported similar effects of oestradiol-17ß on protein sulpha¬ tion in rat and rabbit uteri. In the rabbit uterus, this effect of oestradiol-17ß is suppressed by progesterone (Endo & Yosizawa, 1980 Takata & Terayama (1979) reported that the synthesis and secretion of Mt 50 000-100 000 sulphated components were stimulated by oestradiol-17ß and inhibited by progesterone. Their study concerned the uterine response after 80 min incubation with the labelled sulphate. In guinea-pig uterus, the progesterone action on the sulphation of secreted proteins was significant after 18 h of incubation. Perhaps the early response of the uterus is dif¬ ferent from the delayed response in relation to the sulphation of the secreted proteins. This point must be clarified.
Ovarian steroids induce the synthesis and secretion of specific uterine proteins, some of which have been identified, e.g. creatine kinase (Notides & Gorski, 1966) , uteroglobin (Beato & Baier, 1975) , uteroferrins (Roberts & Bazer, 1980) , prolactin (Heffner et al, 1986 ) and lactotransferrin (Pentecost & Teng, 1987) . Some of these proteins may be related to the sulphated proteins reported here. Anderson et al (1986) described high molecular weight glycoproteins binding lectins and undergoing modifications at the time of implantation in the rabbit. The rabbit uterus contains a protein of Mr 135 000 which is secreted under progesterone action. In human endometrium, an MT 130 000 secreted glycoprotein has been characterized by Strinden & Shapiro (1983) and a tissueassociated MT 51 000 protein regulated by progesterone by Jacobelli et al (1981) . These proteins may be related to the Mx 131 000 and 51 000 sulphated proteins found in this study. However, the relevant literature does not provide any information concerning the steroid action on the sulphation of guinea-pig uterine proteins.
As in numerous tissues for other species, tyrosine-sulphated proteins exist in the guinea-pig uterus but we have not characterized proteins sulphated only on tyrosine. It would appear that the uterine tyrosine-sulphated proteins of guinea-pigs were sulphated on both tyrosine residues and carbohydrate moieties. These proteins have already been described in other tissues (Huttner & Baeuerle, 1988) . However, we cannot exclude the possibility that proteins are only sulphated on tyrosine, masked by the bulk of sulphated glycoproteins. Only an analysis of sulphated proteins separated by class, for example after ion-exchange chromatography (Paulsson et al, 1985) , will enable this point to be clarified.
An oestrogenic action of oestrone sulphate on the guinea-pig uterus has been reported (Adessi et al, 1982; Moutaouakkil et al, 1984) . It was thought that this effect was mediated by the hydrolysis of oestrone sulphate and the formation in the target tissue of unconjugated oestrone and oestradiol-17ß. In this hypothesis, the response of the tissue under oestrone sulphate stimulation would seem to be identical to the response obtained with oestradiol-17ß, which is the most potent biological oestrogen. In vivo and in vitro, there is a direct effect of oestrone sulphate on uterine epithelial cells (Alkhalaf et al, 1987a) , which is different from the action of oestradiol-17ß. In the present study, the action of oestrone sulphate on sulphate incorporation into carbohydrate moieties and tyrosine residues does not mimic the action of oestradiol-17ß. Its most potent action appears to be on the sulphation of secreted proteins. In some ways, this effect is identical to the action of progesterone on oestradiol-17ß-primed animals. However, oestrone sulphate induces the specific sulphation of proteins different from those observed after oestradiol-17ß plus progesterone treatment.
In conclusion, we suggest that oestrone sulphate is a potent biologically active hormone in the guinea-pig uterus.
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